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2.1. Material and Aging procedure 
$ W\SH RI DXVWHQLWLF VWDLQOHVV VWHHOV &)0 ZDV FRQVLGHUHG LQ WKLV VWXG\ $VUHFHLYHG &)0 EORFNV ZHUH
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LW FDQ EH PHQWLRQHG WKDW WKH SUHVHQW DJLQJ WLPHV FRUUHVSRQG WR DERXW  DQG DERXW  \HDUV XQGHU RSHUDWLQJ
WHPSHUDWXUHDERXWR&,Q(TWLVDJLQJWLPHLQKRXUTLVDJLQJWHPSHUDWXUHLQ.HOYLQQGHQRWHVDFWLYDWLRQ
HQHUJ\ LQN-PRO7KHUPDODJLQJIRUKRXUVDWR&FRUUHVSRQGLQJ WRDERXWRSHUDWLRQ\HDUVZDVDOVR
SHUIRUPHGEXWPHFKDQLFDOSURSHUWLHVDUHDOPRVWWKHVDPHZLWKWKHRQHIRUKRXUV,WFDQEHLQIHUUHGWKDWWKH
PDWHULDODIWHUDJLQJRYHUKRXUVZDVDOUHDG\WKHUPDOO\VDWXUDWHG
2.2. Mechanical tests 
6PRRWKEDUDQGQRWFKHGEDUWHQVLOHWHVWVZHUHSHUIRUPHGIRUXQDJHGDQGDJHG&)07HQVLOHSURSHUWLHVIRUXQ
DJHGDQGDJHG&)0FDQEHGHWHUPLQHGIURPVPRRWKEDUWHQVLOHWHVWGDWD1RWFKHGURXQGEDUVSHFLPHQVZLWKWKUHH
QRWFKUDGLLRn DQGPPZHUHXVHGLQWKHWHQVLOHWHVWV0LQLPXPGLDPHWHUIRUDOOWHQVLOHVSHFLPHQVZDV
PPWHQVLOHWHVWVZHUHSHUIRUPHGDWURRPWHPSHUDWXUHDQGPRUHWKDQWZRVSHFLPHQVZHUHWHVWHGIRUHDFKPDWHULDO
DQGVSHFLPHQJHRPHWU\$YHUDJHGHQJLQHHULQJVWUHVVVWUDLQFXUYHVIURPWHQVLOHWHVWVDUHVKRZQLQ)LJ
)UDFWXUHWRXJKQHVVWHVWVZHUHSHUIRUPHGXVLQJ&7VSHFLPHQVIRUXQDJHGDQGDJHG&)0$OO&7VSHFLPHQV
ZHUH IDWLJXH SUHFUDFNHG DQG VLGHJURRYHG DFFRUGLQJ WR WKH $670 ( >@ 7HVWV ZHUH FRQGXFWHG DW URRP
WHPSHUDWXUHDQGWHVWSURFHGXUHVIROORZHG$670(0RUHWKDQWZRVSHFLPHQVZHUHWHVWHGIRUERWKRIXQDJHG
DQGDJHG&)0)LJXUH VKRZV WKHJUHVLVWDQFHFXUYHV IRUXQDJHGDQGDJHG&)0)URP WKH ILJXUH LW FDQEH
IRXQGWKDWWKHUPDODJLQJHIIHFWRQIUDFWXUHWRXJKQHVVLVVLJQLILFDQW
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6WUDLQEDVHGIUDFWXUHPRGHO
3.1. Strain-based fracture model for un-aged CF8M 
,W LVZHOONQRZWKDWIUDFWXUHVWUDLQRIGXFWLOHPDWHULDOVGHSHQGVRQ WULD[LDOVWUHVVVWDWHV7KHGHSHQGHQFHRI WKH
IUDFWXUHVWUDLQHfRQWKHVWUHVVWULD[LDOLW\FRUUHVSRQGVWRWKHUDWLRRIWKHK\GURVWDWLFVWUHVVVmWRYRQ0LVHVVWUHVVVe
FDQEHFKDUDFWHUL]HGDVIROORZV>@
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ZKHUHDEDQGJDUHPDWHULDOFRQVWDQWVWKDWFDQEHQRUPDOO\GHWHUPLQHGE\DQDO\]LQJQRWFKHGEDUWHQVLOHWHVWGDWD
ZLWK)(HODVWLFSODVWLF DQDO\VHV ,Q WKLV VWXG\ WKUHHGLPHQVLRQDO)(PHVKHV IRU HDFKRI VPRRWK DQGQRWFKHGEDU
VSHFLPHQZHUHXVHGWRSHUIRUP)(WHQVLOHWHVWVLPXODWLRQV6\PPHWULFFRQGLWLRQVZHUHFRQVLGHUHGDQGHLJKWQRGH
EULFNHOHPHQWVZLWKIXOOLQWHJUDWLRQV&'ZLWKLQ$%$486>@ZHUHXVHG$YHUDJHGWHQVLOHSURSHUWLHVIRUXQ
DJHG&)0ZHUHXVHGLQWKHVLPXODWLRQ$WWKHFHQWUHSRLQWVLQPLQLPXPGLDPHWHUVHFWLRQVDVVFKHPDWLFDOO\VKRZQ
LQ)LJDIRUHDFKRIVPRRWKDQGQRWFKHGEDUVSHFLPHQVVWUHVVWULD[LDOLW\YDULDWLRQVZLWKHTXLYDOHQWSODVWLFVWUDLQ
ZHUH H[WUDFWHG WR IDLOXUH LQLWLDWLRQ SRLQWV 7KH H[WUDFWHG YDULDWLRQ FXUYHV VKRZQ LQ )LJ E $YHUDJHG VWUHVV
WULD[LDOLWLHVZHUHFDOFXODWHGIRUHDFKQRWFKUDGLLDQGVKRZQLQ)LJEZLWKGRWWHGOLQHV)LJXUHVKRZVHTXLYDOHQW
VWUDLQV WR IDLOXUH LQLWLDWLRQ UHOHYDQW WR IUDFWXUH VWUDLQV DV D IXQFWLRQ RI WKH DYHUDJHG VWUHVV WULD[LDOLW\ 7KH RSHQ
FLUFXODU V\PEROVDUH WKHQILWWHGXVLQJ(T  WRGHWHUPLQH WKHPDWHULDO FRQVWDQWV)ROORZLQJVWUDLQEDVHGIUDFWXUH
PRGHOIRUXQDJHG&)0LV
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7KHIUDFWXUHVWUDLQORFXVFRUUHVSRQGLQJWR(TLVVKRZQLQ)LJZLWKDVROLGOLQH
3.2. Strain-based fracture model for aged CF8M 
7RGHWHUPLQH IUDFWXUH VWUDLQV IRU DJHG&)0V WKH VDPHSURFHGXUHZLWK SUHYLRXV VHFWLRQZDV FDUULHGRXW )(
HODVWLFSODVWLF DQDO\VHV IRU VPRRWKDQGQRWFKHGEDU WHQVLOH WHVWZHUHSHUIRUPHG DQGH[WUDFWHG IUDFWXUH VWUDLQVDUH
VKRZQLQ)LJ4XDGUDQJOHDQGGLDSHURSHQV\PEROVLQ)LJFRUUHVSRQGWRWKHDQGKRXUVDJHG&)0
UHVSHFWLYHO\$Q LPSRUWDQW SRLQW LV WKDW WKH IUDFWXUH VWUDLQV GHFUHDVHZLWK LQFUHDVLQJ DJLQJ WLPH DQG WKH WKHUPDO
DJLQJHIIHFWRQWKHIUDFWXUHVWUDLQORFXVFDQEHFKDUDFWHUL]HGZLWKRQHFRQVWDQWDVEHORZ
   f faged un agedH O H     
ZKHUHO GHQRWHV WKH DJLQJ FRQVWDQW 7KH YDOXHV RIO DUH  DQG  IRU  KRXUV DQG  KRXUV DJLQJ
UHVSHFWLYHO\)UDFWXUHVWUDLQORFLIRUDJHG&)0VDUHVKRZQLQ)LJZLWKGRWWHGOLQHV
)UDFWXUHWRXJKQHVVSUHGLFWLRQ
4.1. Ductile fracture simulation technique 
)RUGXFWLOHIUDFWXUHVLPXODWLRQGDPDJHPHFKDQLFVZDVLQWURGXFHGLQWKLVVWXG\,Q)(DQDO\VLVGXFWLOHGDPDJH
GXHWRSODVWLFVWUDLQFDQEHFDOFXODWHGDWHDFKJDXVVSRLQWXVLQJ
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ZKHUHZ'ZGHQRWHWRWDODFFXPXODWHGGDPDJHLQFUHPHQWDOGDPDJHUHVSHFWLYHO\:KHQWKHDFFXPXODWHGGDPDJH
EHFRPHV XQLW\ Z  GXFWLOH IUDFWXUH LV DVVXPHG &UDFN SURSDJDWLRQ FDQ EH VLPXODWHG E\ UHGXFLQJ DOO VWUHVV
FRPSRQHQWV DW WKH JDXVV SRLQW WR D VPDOO SODWHDX YDOXH 7R LPSOHPHQW GXFWLOH GDPDJH DFFXPXODWLRQ DQG VWUHVV
UHGXFWLRQ LQ)( DQDO\VLV XVHUVXEURXWLQH8+$5'ZLWKLQ$%$48667$1'$5' >@ZDV XVHG0RUH GHWDLOHG
LQIRUPDWLRQRQWKLVPHWKRGFDQEHIRXQGLQ5HI>@
4.2. C(T) test simulations 
7RSUHGLFWIUDFWXUHWRXJKQHVVRIXQDJHGDQGDJHG&)0&7WHVWVZHUHVLPXODWHGXVLQJ)(GDPDJHDQDO\VHV
7HQVLOHSURSHUWLHVREWDLQHGIURPVPRRWKEDU WHQVLOH WHVWVDQG WKHVWUDLQEDVHGIUDFWXUHVWUDLQPRGHOVZHUHDSSOLHG
LQWR WKH VLPXODWLRQV$ W\SLFDO)(PHVKHVRI&7 VSHFLPHQ IRU WKH VLPXODWLRQV DUH VKRZQ LQ)LJ6\PPHWULF
FRQGLWLRQVZHUHFRQVLGHUHGDQGHLJKWQRGHEULFNHOHPHQWVZLWKIXOOLQWHJUDWLRQV&'ZLWKLQ$%$486ZHUHXVHG
3UHGLFWHGJUHVLVWDQFHFXUYHVIRUXQDJHGDQGDJHG&)0DUHFRPSDUHGZLWKWHVWGDWDLQ)LJ&RPSDULVRQVZLWK
WHVWGDWDVKRZVRYHUDOOJRRGDJUHHPHQW
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RWKHUDJHGFDVWVWDLQOHVVVWHHOZLOOEHSUHGLFWHGDQGFRPSDUHGZLWKWHVWGDWDLQIXWXUHZRUNV
$FNQRZOHGJHPHQWV
7KLV ZRUN ZDV VXSSRUWHG E\ WKH 3RZHU *HQHUDWLRQ 	 (OHFWULFLW\ 'HOLYHU\ RI WKH .RUHD ,QVWLWXWH RI (QHUJ\
7HFKQRORJ\(YDOXDWLRQDQG3ODQQLQJ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